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Developing Science Content Knowledge Through the
Creation of Slowmations
David Macdonald, Dr Garry Hoban,
Faculty of Education, University of Wollongong, Wollongong, Australia
Abstract: “Slowmation” (abbreviated from “Slow Motion Animation) is a new yet
simple form of stopmotion animation which enables learners to create their own
animations of science concepts. This paper presents a study of preservice elementary
teachers in a science method classes (14 in one class in 2009) to ascertain if they
improved their science knowledge when using a three phase framework requiring
them to: (i) create their own Slowmation about a science concept; (ii) upload them to
a web site (www.slowmation.com.au) so that they could be reviewed by a peer and a
content expert; and (iii) if necessary, modify the animation and reupload it to be
published on the Slowmation website. The two research questions were: (i) How did
the three phase framework change the preservice teachers’ science content knowledge
and (ii) What was the value and motivation of the web site, for uploading and
reviewing the animations? Qualitative data (three interviews, two concept maps and
the animations as knowledge artifacts) collected from each preservice teacher showed
that all of them increased their science content knowledge as a result of using the
framework. Uploading the Slowmations to the website was successful for the students
and enabled them to view other animations and created a social motivation to make
and improve their animations. Getting preservice teachers to create Slowmations is a
new way for them to engage with science content knowledge and is a new way for
them to represent their science understandings.
Keywords: Slowmation, Science, Teacher Education, Qualitative, Constructionism

Introduction
Research studies and national reviews of science teaching report that many
elementary school pre-service teachers do not have an adequate understanding of
science content knowledge and this decreases their confidence in the teaching of
science (ASTE Committee, 2002; Committee for the Review of Teaching and Teacher
Education, 2003; DEET, 1989; Goodrum, Hackling & Rennie, 2001). One
consequence of this is that science is one of the least taught subjects in the elementary
curriculum in Australia (except for Languages other than English) averaging 41
minutes or 2.7% of teaching time each week (Angus et al., 2004). Some science
concepts are particularly problematic for pre-service teachers and tend to be avoided
or are taught incorrectly. For example, elementary teachers often have difficulty
understanding concepts such as day and night (Atwood & Atwood, 1997), phases of
the moon (Trundle, Atwood, & Christopher, 2002), the water cycle (Stoddart,
Connell, Stofflett & Peck, 1993; Stofflett & Stoddart, 1994) and energy (Trumper,
Raviolo & Shnersch, 2000). In a study conducted in Israel which explored the
conceptions of basic aspects of astronomy, only 36% out of 645 pre-service
elementary teachers answered the questions correctly (Trumper, 2003). What is
needed in teacher education programs are innovative approaches to teaching and
learning that engage pre-service teachers in developing a better understanding of
science content knowledge (Hoban, 2005, 2007, 2009).

Using technology is one way to engage pre-service teachers in learning science
content, especially using a popular medium such as digital animation. However, as
Jonassen, Myers, and McKillop (1996) reported, learning science content with
technology usually involves showing pre-service teachers expert-generated
multimedia products which is not much different from learning science from a book
with learners having to “acquire knowledge in the sponge or banking way” (p. 94,
emphasis in original) i.e., expecting students to absorb knowledge and putting it away
into their bank of knowledge. Therefore the potential of digital animations to engage
pre-service teachers in learning science has been limited because they are mostly
made by experts for learners to use as consumers of technology. Like Chan & Black,
(2005) we believe that animations would have more value if the learners themselves
became the designers and creators of animations (Chan & Black, 2005). The view of
Chan & Black (2005) is supported in previous work by Bransford, Brown, and
Cocking (2000), who assert that technology is a powerful tool for learning especially
as “learners might develop a deeper understanding of phenomena in the physical and
social worlds if they could build and manipulate models of these phenomena” (p.
215).
We decided it would be opportune to develop a simplified technique of animation that
could be used to engage pre-service teachers in science and investigate whether this
approach improved their content knowledge as they constructed their own animation
artifacts . Our rationale is supported by the work of Jonassen et al who stated, “when
learners construct knowledge from multimedia they acquire a cognitive,
metacognitive and motivational advantage over learners who attempt to absorb
knowledge” (1996, p. 97).
“Slowmation” (abbreviated from “Slow Motion Animation”) is a new form of stopmotion animation that simplifies the usually complex process of making animations
so that they can be created by learners (Hoban, 2005, 2007, 2009). Slowmation
involves the manual manipulation of materials with a digital still photo taken at each
change in position of the materials. The digital photos are then uploaded into a
computer program that plays the photos in a sequence to create an illusion of
movement. It is seen by the human eye as moving by itself because of a phenomena
called “persistence of vision.” The Slowmation process involves students researching
information, scripting, storyboarding, making models, photographing digital still
images of small manual movements of the models, and using a computer program
such as Apple’s QuickTime Pro or Windows Movie Maker to create the animation.
Literature Review: Sharing Artifacts on the Internet
Using technology to construct artifacts and then linking these artifacts to the internet
has been well researched. There have been several studies carried out linking
constructionist learning and the Internet whereby students construct artifacts (Stager,
2003; Hopkins & McDougall, 2003; Mitchell, Andreatta & Capella, 2004; Stager,
2003; Willett, 2007). All these studies took a different approach to the linkage of
these two areas (use of the internet and constructionism). The studies carried out by
Stager (2003) and Hopkins and McDougall (2003) both focused on the impact of
creating an artifact using technology in what was an after school program run in
Fitzroy, Melbourne, Australia called The Computer Clubhouse. In this program, the
children had the opportunity to construct projects of interest to themselves using
robotics, multimedia development and website building activities. “They were
encouraged and supported to work as designers and creators” (Hopkins & McDougall,
2003, p. 1). Both papers reported on the same study using The Computer Clubhouse,

and highlight the need for the process of construction to be within the capacity of the
students attempting it. Both papers focused on the technique of teaching in this
fashion as well as the challenges involved but not the affect that the construstion
technique has on learning outcomes, or motivation for achievement.
The study by Willett (2007) focused on a group of students who were developing an
online game (i.e., an artifact). The game as an artifact is produced by the students on
the computer and then shared with peers through the Internet. The key factor was that
the construction material(s) available to the students were limited to computer
software. This meant that although some of the students had prior knowledge they
were able to apply to the use of the software, others were restricted through a lack of
familiarity. Although the students may have had the concept planned in their minds
(there was no mention of having a paper version) in the way they wished to have it
look and perform, their lack of skill in the use of the software restricted their progress.
Because of the simplicity of the Slowmation approach there is very little restriction on
materials to produce the actual artifact, except for the ability to take a photo and
download it to a computer - a skill that is easily taught if not already present. Willett
went on to state in relation to achieving the aims of the project, “the production tools
disempowered the students, making their knowledge of games fairly useless” (2007,
p. 179). Other studies have also considered artifact production. Mitchell et al (2004)
reported on how “educational doctoral students … demonstrate their understanding of
key concepts through the creation of multimedia learning products” (2004, p. 1). The
similarity to the study which I have undertaken is in the fact that the doctoral students
in the Mitchell study are producing an artifact (their multimedia production) for use
with undergraduates. These artifacts were shared with the undergraduates through
digital presentations. The outcome of the study “appeared to result in the doctoral
students thinking more carefully about effective design of multimedia learning
experiences as well as leading to a higher level of student engagement with the
academic content of the course” (Mitchell et al, 2004, p. 6)
As evidenced from the studies above, the production of an artifact may assist the
students in using technology to promote greater engagement with content. The sharing
of artifacts seems to have a positive effect on the production but there appears to be
little research in the area of the effect on the producer of public display of artifacts via
the Internet.
Theoretical framework
This study looked at both the personal and motivational influences of creating and
reviewing student created animations supported by a website
http://www.slowmation.com.au . Constructionism involves both personal and social
aspects of learning. Empowering learners to make and display their own animations
of science concepts is consistent with the theoretical framework of ‘constructionism’
which draws from Vygotskian social influences when the artifacts are shared with a
wider audience and personal knowledge creation through constructivism. The
“quickest way to learn about subject matter is to have to teach (design) it” (Jonassen
et al., 1996, p. 45).
Constructionism and Pre-service Teachers
Constructionism is a theory proposed by Seymour Papert which became well known
through his grant application to the National Science Foundation called
Constructionism: A New Opportunity for Elementary Science Education (1987). The
idea of constructionism “extends Piaget’s notion of constructivist learning by stating

that the key way to ensuring learning is through the act of constructing something
outside of one’s head” (Stager, 2003, p. 1). Papert himself extends that to “something
external or at least shareable … a sand castle, a machine, a computer program, a
book” (1990, p. 3).
Constructionism: Linking Personal and Social influences on Learning
Papert (1980, 1990) contended that students engage in deep learning when they
research, design and construct an artifact or model as a representation of their
knowledge. He later explained how constructionism links personal and social
influences on learning because the artifact produced is the output from the personal
and social construction of meaningful knowledge which is made public.
Constructionism – the N word as opposed to the V word – shares constructivism’s
connotation of learning as “building knowledge structures” irrespective of the
circumstances of learning. It then adds the idea that this happens especially
felicitously in a context where the learner is consciously engaged in constructing a
public entity, whether it’s a sand castle on the beach or a theory of the Universe.

Papert, 1990, p. 1
Constructionism draws from both Piaget’s individual notion of constructivism (von
Glaserfeld, 1984, 1987, 1989) and Vygotsky’s notion of social influence on learning
(Vygotsky, 1978, 1986).
Using the Internet as an Environment to Enhance Constructionism
Papert was a strong proponent of using technology within the classroom. One of his
early uses was the making of Logo language to teach mathematics to children. In later
work he argued that the relationship students establish with the computer transfers to
their relation/s with the rest of the world (Papert, 1980). The idea of utilizing the
internet is two fold – firstly to enable access for other students who may wish to use
the artifact, and secondly, as a possible extra incentive for students to create, knowing
that their artifact will be more than a piece of work to hand to a lecturer. The artifact
in the current project, the Slowmation video, is now no longer just a piece of work
produced to satisfy the needs of an assignment but could be a meaningful, useful
resource. By posting the artifact on a public website, this resource will not only be
available for personal use but will be available for use and review by others.
Uploading the animation to the Internet may increase the social influences of sharing
an artifact as well as possibly promoting other social impacts which are unknown at
this stage and hopefully will be revealed by the research in this and later studies.
The theoretical framework of constructionism for this study is captured well in
pragmatic terms by Papert who stated, “If you can use technology to make things you
can make a lot more interesting things. And you can learn a lot more by making them
…. We are entering a digital world where knowing about digital technology is as
important as reading and writing” (1990, p. 3). The research questions investigated in
this study were:
1 What influence does the creation of a Slowmation have on pre-service teachers’
science content knowledge?
2. What are the motivational influences on the pre-service teachers when they upload
and review Slowmations on the website?
Methodology
This study researched the connection between motivation, the internet and its impact
on scientific content knowledge and pre-service teachers. It focussed on the personal

knowledge construction and motivational influences while creating and reviewing
Slowmation animations via an internet site that was designed specifically for the
project.
The Internet Site www.slowmation.com.au
The internet site was developed to facilitate the upload and review of student created
Slowmations. We did use TeacherTube for one cohort of students but this proved
quite problematic and also did not afford the easy option of review which we wanted
built into the process. The Slowmation site has a number of galleries that allow for
different levels of access. The Personal Gallery is for the user only, the Decision
Gallery holds Slowmations that the owner has created that are awaiting review and
Slowmations that they are required to review. These videos are available only to the
owner of the video and the reviewers. The Internal Published Gallery contains videos
that are available to anyone who has access to the site, and the World Gallery is open
to the public. Videos are moved from one gallery to another by either an administrator
or the student. Videos can only be placed in the World Gallery by the administrator.
The review process is automated and can be set by an administrator who determines
how many and who reviews each Slowmation. This is generally done as a random
selection from a cohort of students and in our case meant two students and a content
expert (the lecturer) reviewed each video. There is a rubric which assists students in
their evaluative process as well as links to helpful websites to assist reviewing.
Participants
The students involved in the research came from a cohort of fourth year students who
are involved in an elective science subject. All students taking the subject were
required to create, post and review their Slowmation animations to the website. 14
students from a cohort of 18 agreed to become part of the research.
Data Gathering Methods
1. Interviews
Each of the 14 participants was interviewed three times. The interviews were
semistructured in that there was a set of generalized questions that were delivered in
a set order to each participant (Berg, 2001). During the interview, the responses were
probed to elicit further detail within each question. This enabled the key questions of
the research to be answered. A concept map was also constructed as a means of
determining prior knowledge. It was necessary to interview, as each participant had a
different story to tell and needed to explore different paths during the interviews. It
was important to outline the intent and purpose of the interviews to the participants as
an “understanding of the interview goals, … would lead to improved validity of
results” (Cannell, Miller & Oksenberg, 1981, p. 433)
A second interview was carried out as soon as the participants had completed their
own Slowmation. This was accompanied by modification of their initial concept map
reflecting on what they have discovered during the construction.
The third interview was carried out at the completion of the review process. This was
once again recorded on a digital recorder and the concept map outlining new
knowledge was constructed.
2. Concept maps

During the interviews the pre-service teachers constructed concept maps as a method
for determining knowledge. This method was “developed by a team of educational
psychologists led by Novak (1998) as a means of studying the learning of science
concepts” (Derbentseva, Safayeni, Canas, 2007, p. 449). Using constructionism
theory, a learner’s “growing understanding of content knowledge is considered a
process of enlargement of interrelations” (Van Zele et al, 2004 p. 1043) which can
effectively be represented through the use of concept maps. Using concept maps
allows the students to demonstrate their understanding of interlinking ideas and the
connectedness between concepts.
As the concept maps were used as a means of assessing gained knowledge between
the initial and subsequent stages of the process, a method of evaluation was essential.
“A quantitative approach does not truthfully represent the potential of a concept map
as a demonstration of a students knowledge structure while a more detailed picture of
a student’s understanding can be extracted from a qualitative analysis.” (Van Zele et
al 2004, p 1054). The method used for the scoring of the concept maps was, each new
concept will score 2 points, each new link will score 4 points and each new link with a
label will score 5 points. This scoring method is consistent with the methods used by
Novak and Gowan (1984).
An example of the concept maps is included below.
2 different
types

Solar
Eclipse
day

Sun

Moves in
front of

Moon
Cause dark
or light

Rare 10
yrs?

Eclipses
Figure 1 Concept Map prior to beginning task.

2 different
Types ?

Solar
Eclipse

Lunar

Solar

day

Sun
Rare
10 yrs?

Moves in
front of

Moon
Cause dark
or light

Eclipses
Solar - One
per lifetime

Lunar – Three
per year.

Came from
initial research

Timing –
when they
occur

Difference
between
solar/lunar

Moons orbit

Figure 2 Concept Map after completion of Slowmation. New knowledge in circles
and ovals.

3 Animations as Artifacts
During the second interview the students shared their Slowmations while they were
being interviewed and constructing their concept maps. This aided in refreshing their
memories as well as providing a further information source.
Data Analysis
From the transcriptions the interviews were analysed using the key knowledge
constructs as an analytical framework. The concept maps were analysed using a
coding system similar to the Novak and Gowan (1984) system where each concept
scores points and each branch adds to the score. When using concept maps the new
concepts scored two (2) points and any linking branch scored four (4) points and
linking arms with labels five (5) points. The reasoning for this is that the links
between the concepts are seen as representing gains in depth and understanding.
The refined concept maps were then added to the score. From the added scores, I was
able to identify whether there had been a change in scientific content knowledge and
the extent to which this had occurred. This was reinforced through triangulation of all
findings, the concept maps, the interviews and the actual Slowmation artifact.

Results
Of the 14 participating students, four had been involved in creating a Slowmation in a
prior course but for all students this was their first experience at uploading their
University work to the internet.
As indicated in Table 1 all students gained new knowledge to some extent using the
scoring system as described above, 2 points for new concept, 4 for a link, and 5 for an
annotated link. This ranged from 12 additional points to a maximum of 48 additional
points on one concept map. There appears to be no link between prior knowledge and
post knowledge as the students that had the greatest gain in knowledge (48 points)
varied in their prior knowledge, one had 6 points and the other had 22 points of prior
knowledge. The student with the greatest prior knowledge score (34) still added

substantial new knowledge (28), and the students with the lowest prior knowledge
scores (8&9) had both higher (30) and lower (12) additions of knowledge.
Student
Prior
Knowledge
score
Post
Knowledge
score
Knowledge
developed
score

1

2

3

4

5

6

7

8

9

10

11

12

13

14

8

22

32

24

22

20

23

24

8

9

10

34

10

6

36

70

56

44

50

46

49

36

38

21

28

62

30

54

28

48

24

20

28

26

26

12

30

12

18

28

20

48

Table 1; Displaying Student Content knowledge.
The impact of uploading their work to the internet proved to have varying importance.
During the first interview all students were accepting of the fact that their work would
be uploaded and may become used in a public domain. As can be seen from Table 2,
five of the 14 students were neutral toward uploading to the internet. All of these
students had Facebook accounts that they had uploaded material to (photos and
videos). Of the remaining nine students three felt they would put in extra effort and be
more careful about what they produced, two were a little concerned about their peers
viewing their work and being compared to others, two were excited and two were a
little daunted.
Once the students Slowmations had been reviewed within a secure section of the
website, the students had the option of either allowing the videos to become part of
the World Gallery (available to everyone) or to just be kept private. Two students
choose to keep their Slowmations private. Both of these students had technical issues
with their videos as they were uploaded. Of the remaining 12 seven were neutral
about displaying saying things like “I don’t mind if people watch it” (Student 12),
“Not everyone’s going to look at it, only the people that go searching I suppose. ….
you’re going to be amongst the thousands so it’s no big deal” (Student 9). The
remaining five students were positive toward the display of their work, three saying
that they were proud of their work and the other two explaining how gratifying and
‘cool’ it was.
Student Interview 1:
Feelings toward
uploading.
Daunting
1
Excited
2
Nervous – being
3
compared to others
Uncomfortable –
4
never done before
I’ll put in extra effort
5
6
7

I’ll put in extra effort
I’ll be more careful

Interview 3:
Feelings about having work
publically available.
Feels it is gratifying.
Neutral.
Didn’t publish. Technical
issues.
Didn’t publish. Technical
issues.
Neutral – “what will they do
if they don’t like it?”
Neutral
“I think its cool – a nice

Self Confidence
with Internet and
Technology.
Minimal
Capable
Capable
Minimal
Capable
Adequate
Capable

8
9

Positive
Neutral

10
11

Neutral
More concerned
about tutorial group.
Neutral

12
13
14

feeling”
Neutral
“It’s one among many – no
problem”
Proud of my work
Proud of my work

Capable
Capable
Capable
Capable

Comfortable that it is
Capable
accurate – hope it will help
others.
Neutral
Comfortable that it is
Minimal
accurate.
Neutral
Proud of my work
Capable
Table 2; Students Feelings toward uploading to the Internet

There appears to be no link between their initial feelings and their post feelings
toward the impact of uploading to the website and having their work in the public
domain. Some students who were neutral to begin with were proud and excited at the
end, while some students who were excited to start with were neutral at the end. There
was no pattern. Their prior self confidence in the use of technology also appears to
have had little impact on the final outcome. Of the three students who believed they
had minimal skills in the area of technology, one felt gratified to have her work
displayed, one didn’t display her work and one was neutral believing their
Slowmation to be accurate.
Discussion and Conclusion
There is evidence from this and previous research (Hoban, Macdonald & Ferry 2009a,
2009b) that the creation of a Slowmation provides an increase in student scientific
content knowledge. This helps to address the concerns expressed about the lack of
scientific content knowledge displayed by many pre-service teachers (ASTE
Committee, 2002; Committee for the Review of Teaching and Teacher Education,
2003; DEET, 1989; Goodrum, Hackling & Rennie, 2001).
The use of the Slowmation website as a motivational factor for students to display
their animations appears to be less clearly defined. While it did provide motivation for
many students, there was no clear pattern as to those who benefited although it had no
reported negative affect on any. However the site did facilitate the peer review
process. Thirteen of the fourteen students had at least one social networking site,
Facebook, MySpace or similar, that they had uploaded photos to. This impacted on
their willingness to have their work displayed as it was common ground and they had
uploaded and viewed images before.
The Slowmation website was designed to facilitate the sharing and reviewing of
Slowmations by pre-service teachers. There are a number of ‘galleries’ which enable
student privacy and security, as well as a world gallery on which all videos can be
shared. We hope that it will lead to early career teachers having a resource they are
able to use to enable engagement with science.
Further extensions to this study lie in the possibility of students working
collaboratively on a Slowmation via the internet, which would move toward
distributed constructionism as proposed by Resnick, (1996a, 1996b).

REFERENCES
Angus, M., Olney, H., Ainley, J., Calwell, B., Burke, G., & Seleck, R. (2004). The
sufficiency of resources for Australian primary schools. Canberra: DEST.
(Document Number).
ASTE Committee (2002). The teaching of science and technology in Australian
primary schools: A cause for concern. Canberra: Australian Academy of
Technological Sciences and Engineering.
Atwood, R. K., & Atwood, V. A. (1997). Effects of instruction on pre-service
elementary teachers' conceptions of the causes of night and day and the seasons.
Journal of Science Teacher Education, 8(1), 1-3.
Berg. B.L. (2001). A Dramaturgical look at interviewing. Qualitative Research
Methods for the Social Sciences. Boston, MA: Allyn & Bacon.
Bransford, J. D., Brown, A. L., & Cocking, R. (Eds.). (2000). How people learn:
Brain, mind, experience and school. Washington, DC: National Academy Press.
Cannell, C., Miller, P. & Oksenberg, L. (1981). Research on Interviewing Techniques.
Sociological methodology Vol 12 http://www.jstor.org/stable/270748 accessed 18
May 2008.
Chan, M. S., & Black, J. B. (2005). When can animation improve learning? Some
implications for human computer interaction and learning. Paper presented at
the Proceedings of World Conference on Educational Multimedia, Hypermedia
and Telecommunications 2005 (pp. 2581-2588). Norfolk, VA.
Committee for the Review of Teaching and Teacher Education. (2003). Australia's
teachers: Australia's future, Advancing innovation, science, technology and
mathematics Canberra: Department of Education, Science and Trainingo.
Document Number)
DEET (1989). Discipline Review of Teacher Education in Mathematics and Science.
Canberra.
Derbentseva, N. Safayeni, F. Canas, A. (2007) Concept maps: Experiments on
dynamic thinking. Journal of Research in Science Teaching. 44(3), 448-465
Goodrum, D., Hackling, M., & Rennie, L. (2001). The Status and Quality of Teaching
and Learning of Science in Australian Schools. Canberra: Commonwealth
Department of Education, Training and Youth Affairs.

Hoban, G. Macdonald, D. & Ferry, B. (2009a) Simplifying Animation to Encourage
Preservice Teachers’ Science Learning and Teaching Using “Slowmation”
Refereed conference paper to be presented at Ed-Media 2009.
Hoban, G. Macdonald, D. & Ferry, B. (2009b) Improving Preservice Teachers’
Science Knowledge by Creating, Reviewing and Publishing Slowmations to
TeacherTube. Refereed conference paper presented at SITE 2009.
Hopkins. J, & McDougall, A. (2003). Constructionist Learning and Teaching in a
Computer Clubhouse Environment. Melbourne, Australian Computer Society.
Hoban, G. (2005). From claymation to slowmation: A teaching procedure to develop
students' science understandings. Teaching Science: Australian Science
Teachers Journal, 51(2), 26-30.
Hoban, G. (2007). Using slowmation to engage pre-service elementary teachers in
understanding science content knowledge. Contemporary Issues in Technology
and Teacher Education, 7(2), 1-9.
Hoban, G. (2009). Facilitating Learner-generated Animations with Slowmation. In L.
Lockyer, S. Bennett, S. Agostinho, & B. Harper (Eds.), Handbook of research
on learning designs and learning objects: Issues, applications and technologies:
Idea Group Publishing.
Jonassen, D., Myers, J. M., & McKillop, A. M. (1996). From constructivism to
constructionism: Learning with hypermedia/multimedia rather than from it. In
B. G. Wilson (Ed.), Constructivist learning environments (pp. 93-106).
Engelwood Cliffs, NJ: Educational Technology Publications.
Mitchell, M., Andreatta, P. & Capella, E. (2004). Integrating Multimedia:
Demonstrations of student-generated multimedia products made within regular
content-driven courses. In L. Cantoni & C. McLoughlin (Eds.), Proceedings of
World Conference on Educational Multimedia, Hypermedia and
Telecommunications 2004 (pp. 3962-3967). Chesapeake, VA: AACE.
Novak, J.D. (1998) Teaching science for understanding: a human constructivist view.
San Diego: Academic Press
Novak, J.D. & Gowin, D.B. (1984) Learning how to learn. New York: Cambridge
University Press
Papert, S. (1980). Mindstorms: Children, computers, and powerful ideas. New York:
Basic Books.
Papert, S. (1990). Introduction. In I. Harel (Ed). Constructionist Learning. Boston:
MIT.
Resnick, M. (1996a). Distributed constructionism. Retrieved May 4, 2008, from
http://llk.media.mit.edu/papers/Distrib-Construc.html
Resnick, M. (1996b). Toward a practice of “constructional design.” In L. Schauble,
& R. Glaser (Eds.), Innovations in Learning: New Environments for Education.
(pp. 161-174). Mahwah, NJ: Lawrence Erlbaum Associates.
Stager, G. (2003). The Feeling of Wonderful Ideas- Implications for the future of
Teaching and Learning. Paper presented at the conference for the Australian
Computer Society, Melbourne, VIC.
Stoddart, T., Connell, M., Stofflett, R., & Peck, D. (1993). Reconstructing elementary
teacher candidates' understanding of mathematics and science content. Teaching
and Teacher Education, 9(3), 787-810.
Resnick, M. (1996) Distributed constructionism. International Conference on the
Learning Sciences. Northwestern University. Chicago.
Stofflett, R. T., & Stoddart, T. (1994). The ability to understand and use conceptual
change pedagogy as a fundtion of prior content learning experience. Journal of
Research in Science Teaching, 31(1), 31-51.

Trundle, K., Atwood, R. K., & Christopher, J. (2002). Pre-service elementary
teachers' conceptions of moon phases before and after instruction. Journal of
Research in Science Education, 39(7), 633-658.
Trumper, R., Raviolo, A., & Shnersch, A. (2000). A cross-cultural survey of
conceptions of energy among elementary school teachers in training: Empirical
results from Israel and Argentina. Teaching and Teacher Education, 16(7), 697714.
Trumper, R. (2003). The need for change in elementary school teacher training: A
cross-college age study of future teachers' conceptions of basic astronomy
topics. Teaching and Teacher Education, 19(3), 309-323.
Van Zele, E. Lenaerts, J & Wieme, W. (2004) Improving the use of concept maps as a
research tool for science education. International Journal of Science Education.
26(9) 1043 – 1064.
von Glaserfeld, E. (1984). An introduction to radical constructivism. In P. Watzlawick
(Ed.) The Invented Reality (pp 17-40). New York: Norton.
von Glaserfeld, E. (1987). Learning as constructivist activity. In C. Janvire (Ed.)
Problems of Representation in the Teaching and Learning of Mathematics (pp.
3-18). Hillsdale, NJ: Lawerance Erlbaum Associates.
von Glasfeld, E. (1989). Constructivism. In T. Husen & T.N. Postlewaite (Eds.), The
International Encyclopedia of Education (pp. 162 -173). Oxford: Pergamon.
Vygotsky, L. (1986). Thought and Language. Cambridge, MA: MIT Press.
Vygotsky, L. (1978). Mind in Society. Cambridge, MA: Harvard University Press.
Willett, R. (2007). Technology, pedagogy and digital production: a case study of
children learning new media skills. Learning Media and Technology (pp. 167 181) 23(2).

